ABSTRACT. Head and neck squamous cell carcinoma (HNSCC) has become one of the most common forms of cancer worldwide. Hypermethylation-induced silencing of tumor-associated gene has been proposed as an important cofactor in cancer pathology. This paper aimed to characterize the gene methylation patterns in human papillomavirus (HPV) associated-HNSCC. TIMP3 and APC methylation status in neoplastic (N = 92) and non-neoplastic tissues (N = 92) of HNSCC as well as their association with HPV infection were investigated via methylation-specific PCR assays. Results indicated that methylation level of TIMP3 was markedly higher in HPV-positive tumors as compared with HPV-negative tumors. Both TIMP3 and APC methylation were associated with lymph node metastasis and higher clinical stage of tumors. Patients with methylation at TIMP3 or APC had worse prognoses as compared to those without these alterations. This is the first study that shows a possible linkage between HPV infection and APC methylation. Methylation patterns of tumor-related genes may contribute to different disease prognosis in HNSCC according to the HPV infection status.
INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the 6th most common cancer worldwide with over 500,000 new diagnoses each year (Warnakulasuriya, 2009) . HNSCC encompasses all squamous carcinomas that affect various head and neck regions, including the nasopharynx, oropharynx, oral cavity, hypopharynx, and larynx (Haddad and Shin, 2008) . Although improvements in surgical techniques, radiation, and chemotherapeutic regimens have improved over the years, the incidence rates of HNSCC are increasing, and the overall survival rate remains at less than 50% (Forastiere et al., 2001) . Late diagnoses and frequent loco-regional recurrences are the major causes for the poor disease outcomes.
It is well accepted today that tobacco and alcohol synergistically enhance the risk of HNSCC (Blot et al., 1988; Zeka et al., 2003) . In addition HPV infection has been proposed as the main factor associated with oropharyngeal squamous cell carcinoma, particularly in HPV type 16 (Miller and Johnstone, 2001; Kreimer et al., 2005) . Although growing evidence demonstrates that HPV infection may serve as an important predictor of HNSCC disease prognosis and medical intervention outcomes, differences in the molecular mechanisms between HPV-negative and HPV-positive tumors have yet to be elucidated.
Epigenetic silencing down-regulates a gene through DNA methylation at CpG sites in the promoter region, and has been shown to participate in the development of various types of human tumors, including HNSCC (Herman and Baylin, 2003; Ha and Califano, 2006; Supić et al., 2009 ). Aberrant promoter methylation may affect genes involved in cell-cycle control (P16, Rb), DNA repair (MGMT and hMLH1), cell adhesion (H-cadherin and CDH-1), apoptosis (DAPK), and cell differentiation (RARB2) (Miao et al., 2015; Xu et al., 2015) . However, the role of gene methylation in the pathogenesis of HPV-negative and HPV-positive HNSCC remains unclear. Previous studies show that TIMP3 and APC are involved in various cellular processes, and are frequently methylated in HNSCC (Csepregi et al., 2008; Rettori et al., 2013; Xu et al., 2014) . However, it is unclear whether these two genes are commonly methylated irrespective of HPV infections. In the present study, we aimed to investigate the relationship between promoter methylation and HPV infection, as well as their associated clinicopathological features.
MATERIAL AND METHODS

Patients and samples
Formalin-fixed, paraffin-embedded, and fresh frozen tissues from 92 HNSCC patients were biopsied and stored at the Department of Otolaryngology, Head and Neck Surgery, the Second Hospital of Hebei Medical University, China. Patients were not given chemo-or radiotherapy prior to surgical operations. All nonmalignant specimens were freshly collected from morphologically normal tissue in the same patients. Smoking was defined as being addicted to tobacco (chewable or smoked) for at least 1 year. Alcohol use was defined as intake of more than two alcoholic drinks per day, for at least 1 year. All patients were examined via microscopy for the presence of malignant tissues. Clinical stage of cancer was determined according to the tumor-node-metastasis (TNM) criteria of the Union for International Cancer Control.
The study was approved by the Hospital Institutional Review Board, and written informed consent was given by all participants prior to participation in the study.
DNA extraction and bisulfite treatment
Genomic DNA was extracted by using the QIAamp DNeasy Blood & Tissue Kit (Qiagen, Düsseldorf, Germany), and DNA concentration was determined with a NanoDrop 2000 spectrophotometer (Thermo Scientific, Waltham, MA, USA). Sodium bisulfite conversion of 1 mg genomic DNA was performed using the EpiTect Bisulfite Kit (Qiagen) according to manufacturer instructions. The bisulfite-converted DNA was stored at -80°C.
Quantitative methylation-specific PCR (QMSP) assay
Following sodium bisulfite modification, QMSP assay was performed as described previously (Hou et al., 2008) . In brief, 20 ng DNA was used as the template in a final volume of 20 mL. The final reaction mixture contained 2 mL bisulfite-modified DNA, 1.2 mM forward and reverse primers, 200 nM probe, 0.5 U platinum Taq polymerase (Invitrogen, Carlsbad, CA, USA), 200 mM dATP, dCTP, dGTP, dTTP, and 8.7 mM MgCl 2 . Sampes were ran in triplicates on 384-well plates using a 7900 Sequence detector (Applied Biosystems, Foster City, CA, USA). PCR amplifications were carried out under the following conditions: 95°C for 5 min; 50 cycles at 95°C for 15 s, and 60°-62°C for 1 min. Leukocyte DNA from a healthy subject was methylated in vitro with excess SssI methyltransferase (New England Biolabs Inc., Ipswich, MA, USA) to generate completely methylated DNA. The calibration curve for the genes of interest and the reference gene was established using serial dilutions (40-0.004 ng) of this DNA and ACTB. Each plate included patient DNA samples, water blanks, and calibration curves. Primers and probes were determined to specifically amplify the promoter regions of the genes of interest and ACTB (Dahlén et al., 2004 ). The relative DNA methylation level of genes in each sample was analyzed as a ratio of QMSP-amplified gene to ACTB, and was then multiplied by 100 (average value of triplicates of gene of interest / average value of triplicates of ACTB x 100).
Detection of HPV 16/18 DNA
Reaction conditions, primers, and probe sequences for HPV detection have been previously described (Swan et al., 1997) . PCR was performed in a total volume of 50 mL. PCR amplification reaction mixture contained 1X Universal Mastermix, 100 nM probe, 200 nM forward and reverse primers, and 150 ng DNA. PCRs were carried out on an ABI PRISM 7700 Sequence Detection System (Applied Biosystems) using the following cycling parameters: 95°C for 10 min; 40 cycles of 94°C for 30 s, 60°C for 10 s, and 65°C for 2 min (amplification for HPV 16); 40 cycles of 95°C for 15 s and 60°C for 1 min (amplification for HPV 18).
Statistical analysis
The SPSS 16.0 (IBM, Chicago, IL, USA) and Prism (GraphPad Software, San Diego, CA, USA) softwares were used for data analysis. The difference in methylation level was compared between malignant and nonmalignant samples via the paired-sample t-test. Thresholds of methylation genes were determined by receiver operating characteristic (ROC) analysis. A cut-off value was used to define the gene methylation status (negative or positive). The correlation between the gene methylation and clinicopathological characteristics was evaluated via the Fisher exact test. Overall survival (OS) was calculated by the Kaplan-Meier method, and differences were detected by the log-rank test. Cox proportional hazard regression analysis was applied to estimate the prognostic significance of clinical variables and individual methylation markers on overall patient survival. Hazard ratios (HRs) were calculated relative to a reference group, and was assessed by the corresponding 95% confidence interval (95%CI). All tests were two-sided, with a significance level of P < 0.05.
RESULTS
Patient characteristics
Patient and tumor characteristics are summarized in Table 1 . The study included 73 males and 19 females, with ages ranging from 44 to 78 years old (mean = 62.3 years old). Smoking and alcohol consumption in patients were found to be 64.1% (59 of 92) and 67.4% (62 of 92), respectively. Our study population also consisted of 47.8% (44 of 92) HPV-positive patients. The majority of the patients had a tumor in either the oral cavity (N = 55, 59.8%) or the oropharynx (N = 28, 38.9%). Most patients were presented with advanced cancer stage (stage III or IV, N = 52, 56.5%), while the tumor in 43.5% (N = 40) of the patients was in its early stage (stage I or II). Among those patients, the median follow-up period was 42.5 months (range: 5-58 months) after surgery, with 67.4% of the patients (N = 62) having a longer than 5 years follow-up.
Methylation level of genes in HNSCC
Gene methylation in both TIMP3 and APC was significantly increased in malignant tissues as compared to adjacent nonmalignant controls (for APC, 0.217 ± 0.174 in tumors vs 0.151 ± 0.025 in controls, P < 0.001; for TIMP3, 0.633 ± 0.336 in tumors vs 0.354 ± 0.136 in controls, P < 0.001; Figure 1A and B, paired-sample t-test). We also determined the degree of methylation of genes in subgroups of HNSCC cases. Results indicated that markedly higher TIMP3 methylation occurred in advanced stage tumors (0.701 ± 0.352 in stage III or IV vs 0.545 ± 0.296 in stage I or II, P = 0.023, Mann-Whitney test; Figure 2A ) as well as during lymph node metastasis (0.749 ± 0.351 in N 1-3 vs 0.536 ± 0.292 in N 0 , P = 0.001; Figure 2B) . Furthermore, methylation level of TIMP3 was significantly higher in HPV-positive tumors (0.733 ± 0.352) as comparison to HPV-negative tumors (0.542 ± 0.295) (P = 0.003, MannWhitney test; Figure 2C ). In addition, methylation level of APC was significantly higher in recurrent cases (0.366 ± 0.194) as compared to that of no recurrent cases (0.239 ± 0.145) (P = 0.0001; Figure 2D ). 
Methylation frequency and clinicopathological characteristics
Based on ROC analysis, the frequency of TIMP3 and APC methylation in primary tumors was 68.5 and 65.2%, respectively. We investigated the correlation between clinicopathological characteristics and methylation status of genes. Clinicopathological features were divided into the following categories: age (<60 years vs ≥60 years), HPV 16/18 (negative vs positive), TNM stage (stage I or II vs stage III or IV), N classification (N 0 vs N 1-3 ), and recurrence (negative vs positive).
In this study, both TIMP3 and APC were found to be more frequently methylated in advanced tumor stages as compared to early stages (P = 0.003 and P = 0.025, respectively, Fisher exact test; Table 1 ). Similarly, methylation of TIMP3 and APC were significantly associated with lymph node metastasis (TIMP3, P < 0.001; APC, P = 0.043). In addition, methylation of APC was associated with local recurrence of tumors (P < 0.001). Methylation frequency of TIMP3 and APC was not correlated with gender, age, tumor site, HPV 16/18 infection, tobacco, and alcohol consumption. All results are shown in Table 1 .
Overall survival analysis
We analyzed the associations between clinical outcomes and methylation status of APC and TIMP3 in HNSCC patients. Our result showed that there was a significant association between APC and TIMP methylation in HNSCC patients and overall survival (P = 0.001, and P = 0.003, respectively, log-rank test; Figure 3A and B). We then evaluated the effect of HPV 16/18 infection on disease prognosis in HNSCC patients (HPV-negative tumors vs HPV-positive tumors). Univariate analysis revealed that presence of lymph node metastasis and local tumor recurrence were significant prognostic indictors of overall survival in HPV-negative patients (P = 0.002, and P = 0.027, respectively; Table 2 ). Methylation of TIMP3 and APC was correlated with poor disease prognosis, with a relative risk of death of 4.18 (95%CI = 1.59-11.01, P = 0.004) and 2.33 (95%CI = 1.01-5.37, P = 0.047), as evaluated by HRs. The multivariate analyses included recurrence, lymph node metastasis, and methylation of APC and TIMP3. We found that TIMP3 and presence of node metastasis were independent prognostic factors that correlated with risk of death [HR values of 3.41 (95%CI = 1.27-9.15, P = 0.015) and 2.65 (95%CI = 1.15-6.11, P = 0.022), respectively], as shown in Table 3 . For overall survival analysis of HPV-positive patients, higher TNM stage (stage III or IV), lymph node metastasis (N 1-3 ) , and APC gene methylation were significant prognostic factors. Patients with methylation on APC had an HR of 4.22 (95%CI = 1.05-40.38; P = 0.025; Table 2 ). Other clinical variables showed no prognostic significance. Moreover, methylation of the APC gene was validated to be an independent prognostic factor for poor overall survival in HPV-positive tumors based on multivariate analysis models (HR = 3.25, 95%CI = 1.15-25.10, P = 0.045, Table 3 ).
HR, hazard ratio; CI, confidence interval. 
DISCUSSION
HNSCC is a prevalent form of cancer, and is a major health risk worldwide. Epidemiological and laboratory studies have shown that HPV infections, particularly HPV 16 and HPV 18, serve as main instigators for the development of HNSCC. Other risk factors for HNSCC include epigenetic regulation of gene expression, which may lead to the induction and progression of HNSCC (Bragado et al., 2012; Hakami et al., 2014) . Increasing evidence suggests that promoter methylation of tumor-related genes can aggravate the disease in HNSCC (Laytragoon-Lewin et al., 2013; Rettori et al., 2013; Warta et al., 2014; Shi et al., 2015) . However, few studies have reported on the prognostic value of promoter methylation in HPV-induced HNSCC. The present study was conducted to investigate the prognostic significance of methylation in different HPV-induced HNSCCs.
TIMP3 is a tumor suppressor gene located on chromosome 12q12.3, and belongs to a family of genes that inhibit matrix metalloproteinase. TIMP3 has been shown to be vital in carcinogenesis of HNSCC, gastric, osteosarcoma, breast, lung, and several other types of tumors (Hou et al., 2006; De Schutter et al., 2009; Yao et al., 2012) . Similar to previous findings, our result demonstrated significantly increased level of TIMP3 methylation in tumors as compared with normal tissues (Wisman et al., 2006; De Schutter et al., 2009; Yao et al., 2012; Guan et al., 2013; Rettori et al., 2013) . Furthermore, we observed a correlation (P = 0.001) between TIMP3 promoter hypermethylation and lymph node metastasis. In addition, significantly increased methylation of TIMP3 was observed in HPV-positive tumors. These results agreed with a previous study, which also showed that higher TIMP3 methylation frequency occurs in HPV 16-positive HNSCC as compared to HPV 16-negative tumors (van Kempen et al., 2014) . Several other studies proposed that HPV infection may promote hypermethylation of tumor-related genes, such as DAPK (Flatley et al., 2014) , p16 (Carestiato et al., 2013) , and CCNA1 (Yanatatsaneejit et al., 2011) . Taken together, our data suggest that methylation of TIMP3 may be induced by HPV 16 infection.
Our study revealed that methylation frequency of APC is markedly increased in primary tumors, which was consistent with previous reports in rectal (Leong et al., 2011) , breast (Mulligan et al., 2014) , colorectal, and gastrointestinal cancers (Esteller et al., 2001) . Furthermore, APC displayed higher degrees of methylation in patients with lymph node metastasis or higher TNM stages, which was also in accordance with results from breast cancer studies (Mulligan et al., 2014) . The presence of APC methylation in primary lung or colorectal tumors were indicative of worse clinical outcomes (Harden et al., 2003; Nilsson et al., 2013) . We also found significant correlations between APC methylation and HNSCC prognosis. Interestingly, the methylation status of APC in hepatocellular carcinoma does not affect the overall patient survival rate (Xu et al., 2014) . Tissue-specificity may explain the variations in the prognosis value of APC promoter methylation in different types of tumor.
We also investigated the effect of methylation on the clinical outcomes of HNSCC under various HPV infection statuses. As shown in Table 2 , advanced disease indicated by higher N classification or higher TNM stage was significantly correlated with poorer outcomes. Furthermore, univariate analysis showed a strong statistical correlation between overall survival and TIMP3 methylation (P = 0.004), which was later confirmed by multivariate analysis (P = 0.015). Our results suggest that TIMP3 hypermethylation may be a cofactor specifically in HPV 16/18 negative HNSCCs. In HPV-positive tumors, promoter methylation of APC, but not TIMP3, showed significant correlations with relative risk of death. Methylation of APC as an independent risk factor was also reported in lung (Usadel et al., 2002) and prostate cancers (Richiardi et al., 2013) . These results suggest that methylation of tumor-related genes may contribute to different disease prognosis in HNSCC, which also depends on HPV 16/18 infection status. Of note, a larger study cohort needs to be conducted to support our present findings. This is the first study, to our knowledge, which showed a possible link between HPV 16 infection and APC methylation in HNSCC.
In conclusion, our data suggest that hypermethylation of TIMP3 and APC is a common event in HNSCC, and is associated with poor disease prognosis. More importantly, this is the first study showing TIMP3 promoter hypermethylation as a prognostic indicator of overall disease survival in HNSCC patients without HPV infection. APC methylation analysis also appeared to be an independent prognostic factor in HPV-positive patients.
